Introduction
Breast cancer is the most common cancer diagnosed among women in the worldwide, accounting for nearly 1 in 3 cancers, also it is the second cause of cancer death among women fallowing lung cancer.
1 Despite the great improvements in the clinical and therapeutic techniques in recent years, many advanced breast cancer patients still die of the postoperative recurrence and metastasis of disease. One of the primary reasons for ineffective therapies for these patients is our lack of understanding about the complete and accurate molecular mechanisms involved in carcinogenesis, progression and invasion of breast cancer. Therefore, the innovation of new treatment modalities to overcome these ineffective therapies are necessary.
2 Effectiveness of siRNA in cancer treatment has been specified by: potential and high efficiency, knock downing in the advanced stages of growth and low cost compared to the other methods of gene therapy, [3] [4] [5] and high specificity contrasted to the other cancer therapy methods such as operation and chemotherapy. 6, 7 HMGI-C protein, also known as HMGA2 protein, belongs to the family of nuclear non-histone phosphoproteins called high mobility group A (HMGA). These proteins have a relatively small molecular weight about 12 kDa and contain three basic short sequences, called the AT-hook. These basic sequences bind to ATrich regions of the minor groove of B-form DNA. HMGA proteins are involved in many fundamental cellular processes, including mitosis, cell-cycle control, cell division, regulation of transcription (by binding transcription factors such as NF-kB, ATF-2/c-Jun, Elf-1, Oct-2, Oct-6, SRF, NF-Y, PU-1, RAR), differentiation and cellular aging. 8, 9 HMGA protein family is relatively over expressed, where cells proliferate rapidly, as in the early embryo. HMGA1 genes are expressed in the tissues of parenchymal organs and proliferating epithelial cells, 10 whereas the HMGI-C gene highly expressed in all mesenchymal cell condensations and in mesenchymal derivatives.
11 Expression of HMGA genes are suppressed in differentiated cells and the HMGI-C gene is under expressed in adult human tissues, other than embryonic tissues. 12, 13 Over expression of HMGI-C gene was observed in many human malignancies such as non-small lung cancers, 14 pancreatic carcinoma, 15 epithelial ovarian cancers, 16 colorectal cancer, 17 retinoblastomas, 18 squamous cell carcinomas, 19 myeloproliferative disorder 20 and it has also been found to participate in EMT. 21, 22 In this study we investigated whether the downregulation of HMGI-C level by siRNA could sensitize breast adenocarcinoma cells to Paclitaxel. To this end, we examined the effects of either HMGI-C specific siRNA or Paclitaxel treatments alone versus the combination, on invasion and survival invitro, in MDA-MB-468 cell line.
Materials and Methods

Materials
Human HMGI-C siRNA, goat polyclonal anti-HMGI-C antibody, monoclonal b-actin antibody, siRNA transfection reagent and siRNA transfection medium were purchased from Santacruz biotechnology (California, USA). Rabbit anti-goat antibody was purchased from Cytomatin gene company (Isfahan, Iran), rabbit anti-mouse anti-body was purchased from Razi institute. Paclitaxel was purchased from activis (Milan, Italy).QRT-PCR master mix was purchased from Takara bio Inc. (Shiga, Japan).
Cell culture
The human breast adenocarcinoma cell line, MDA-MB-468 was purchased from Pasture institute (Tehran, Iran). The MDA-MB-468 breast cells were maintained in RPMI-1640 culture medium supplemented with 10% heat-inactivated fetal bovine serum (FBS), antibiotics (100 IU/ml penicillin, 100 µg/ml streptomycin) (Gibco, USA) at 37 °C in a 95% humidified atmosphere containing 5% CO2. Cells were grown on sterilized culture dishes and were passaged every 3 days following 0.25 % trypsin/EDTA (Gibco, USA) digestion.
siRNA transfection MDA-MB-468 cells were cultured at a density of 2×10 5 cells/ml of six-well plates and transfected at 60-80% confluency. siRNA transfection (at a final concentration of 80 pmol in all experiments) was performed using siRNA transfection reagent (Santacruz biotechnology, USA) according to the manufacturer's recommendations. Briefly, siRNA and siRNA transfection reagent were diluted in siRNA transfection medium (Santacruz biotechnology, USA) separately. The diluted solutions were then mixed and incubated for 15-30 min at room temperature. Subsequently, the mixtures were added to each well containing cells and transfection medium.
After 5-7 hr transfection, RPMI medium containing final FBS concentration of 20% was added into transfected wells. After 48 hr of incubation, down-regulation of HMGI-C was measured using qRT-PCR. Then, Western blot was utilized to test the target protein to ensure the transfection efficiency. The suppression of HMGI-C expression was then assessed by quantitative real-time PCR (qRT-PCR) and Western blotting.
Real-time quantitative PCR
Total-RNA was extracted using AccuZolTM reagent (Bioneer, Daedeok-gu, Daejeon, Korea) as described by the manufacturer's protocol. The mRNA was reversetranscribed into cDNA from 1 μg of total RNA by use of MMLV reverse transcriptase (Promega, Madison, WI, USA) and oligo-dT primer according to the manufacturer's instructions. The expression level of HMGI-C mRNA was carried out by qRT-PCR using SYBR Premix Ex Taq (Takara Bio, Otsu, Shiga, Japan) and Rotor-GeneTM 6000 system (Corbett Life Science, Mortlake, NSW, Australia). The reaction system of PCR was: 12 μl of SYBR green reagent, 0.2 μM of each primer, 1 μl of cDNA template, and 6 μl of nuclease-free distilled water. All pair primer sequences were blasted using the primer-blast software on the NCBI website (http://www.nchi.nlm.nih.gov) prior to the experiment. The primer sequences were as follows: forward, 5'-TGGGAGGAGCGAAATCTAAA-3', reverse, 5'-TGGTATTCAGGTCTTTCATGG-3', for HMGI-C, and forward, 5'-TCCCTGGAGAAGAGCTACG-3', and reverse, 5'-GTAGTTTCGTGGATGCCACA-3', for β-actin. The initial denaturation step at 95°C for 10 min was followed by 45 cycles at 95°C for 10 sec, 59°C for 30 sec and 72°C for 20 sec. β-actin was used as the reference gene. The relative levels of gene expression were calculated by the 2 −ΔΔCt method. All qRT-PCR reactions were performed in triplicate.
Western blot analysis
Briefly, total protein from cells was extracted using RIPA buffer (25 mM Tris HCl pH 7.6, 150 mM NaCl, 1% NP-40, 1% sodium deoxycholate, 0.1% SDS) containing protease inhibitor cocktail (Roche Diagnostics GmbH). Suspensions were centrifuged at 14,000 rpm for 10 min at 4°C and cellular debris was discarded. Protein concentrations were quantified using NanoDrop (Thermo scientific, Wilmington, USA). Fifty micrograms of each protein sample were mixed with protein sample buffer (10% Glycerol, 50 Mm Tris pH 8.6, 2% SDS, 1% Bromophenol blue, and 100 mM DTT) and the samples were incubated for 5 min in a boiling water bath, then separated on 12.5% SDS-polyacrylamide gel electrophoresis. After transferring separated proteins to an activated polyvinylidine diflouride (PVDF) membranes, we blocked the membranes with 0. California, USA) and β-actin (1:5000, Santacruze biotechnology, California, USA) diluted in 3% BSA in PBS. After four washes with a buffer containing PBS and 0.05% Tween-20, membranes were incubated with appropriate horseradish peroxidase-linked Rabbit antigoat secondary antibody (1:5,000, cytomatin gene, Isfahan, Iran) and rabbit anti-mouse antibody (Razi institute, Tehran, Iran) diluted in PBS and 0.05% Tween-20 for 1 hr at room temperature. Subsequently, the membranes were washed and protein bands visualized using enhanced BM chemiluminescence blotting substrate POD (Roche Diagnostics GmbH, Mannheim, Germany) and autoradiography films (Estman Kodak, Rochester, NY, USA). Signals were measured using NIH ImageJ 1.63 Software.
Cytotoxicity assay
Cytotoxicity of the treatments was measured using a methylthiazol tetrazolium (MTT) assay kit (Sigma). The experiment was subdivided into eight groups: 80 pmol HMGI-C siRNA, Paclitaxel in 6 different doses around IC50 and combination of 80 pmol HMGI-C siRNA with 6 different paclitaxel doses. Briefly, cells were cultured at a density of 15×10 3 cells/well in 96-well cell culture plates and then transfected with siRNAs. After 48 hr of incubation, the cells were exposed to different concentrations of paclitaxel (0.39, 0.78, 1.56, 3.25, 6.5 and 12.5 μM). After a total 24 hr of treatment, 50µl of MTT (2mg/ml in PBS) was added to each well and then incubated for a further 4 hr. The formazan crystals were formed by adding 200 µl of the solubilization (DMSO + Sorensen buffer) to each well. After 30 minutes incubation in above-mentioned conditions, the optical density (OD) of each well was measured at a wavelength of 570nm using an ELISA reader (Awareness Technology, Palm City, FL, USA) and all experiments were performed in triplicate.
Combination effect analysis
The combination effect between HMGI-C siRNA and paclitaxel were evaluated, based on the principles described by Chou and Talalay. 23 For each combination experiment, a coefficient of drug interaction (CDI) number was calculated using the following formula: CDI=SAB /(SA×SB), were introduced SA as paclitaxel, SB as HMGI-C siRNA and SAB as combination treatment survival rate, relative to the control. Combination effects were assessed after 48 hr of treatment. This method of analysis generally defines CDI<1 as synergistic, CDI=1 as additive and CDI>1 as antagonistic effects, respectively.
Migration assay
MDA-MB-468 cells migration was measured by using a wound-healing assay (Scratch). MDA-MB-468 cells (4×10 5 cells/well) were placed for 24 h in 6-well plates and a wound was made by using yellow pipette tip across the cell monolayer to create an open gap, mimicking a wound when the cultured cells reached >90 % confluence and cell debris were removed by washing with serum-free medium. Then cells on the plate were photographed under the light microscope (time 0) and then incubated for another 48 hr at 37 °C 5% CO2 and allowed to migrate into the wound area. Images of the wound were collected at 0 and 48 hr using a microscope. The migration rate was quantified by measuring the distance between the wound edges. This assay was independently repeated for three times.
Statistical analysis
All results in this study were presented as mean ± standard deviation (SD). Statistical significance of differences between groups was explored by using student T test and One-way ANOVA followed by Dunnett's multiple comparisons using GraphPad Prism software, La Jolla California USA, http://www.graphpad.com. Value of P less than 0.05 was considered significant.
Results
siRNA suppressed HMGI-C mRNA and protein levels in breast adenocarcinoma cells
First, we explored the effect of siRNA on HMGI-C gene expression in MDA-MB468 cells by qRT-PCR and Western blot analysis. Relative HMGI-C gene expression was calculated in relation to the control group, which was considered as 100%. As shown in Figure 1A ,1B, 2A and 2B, HMGI-C siRNA led to a marked reduction of HMGI-C mRNA in both dosedependent mRNA and protein levels (p<0.05; relative to the control). At 24, 48 and 72hr after the transfection, the relative HMGI-C mRNA expression levels were 77.06%, 54.10% and 78.95%, respectively ( Figure 1A) , and the dose-dependent at 40, 60, 80 pmol of HMGI-C siRNA transfection relative HMGI-C mRNA expression levels were 88.87%, 71.13% and 47.25% ( Figure 1B) , and HMGI-C protein expression levels were 67.10%, 11.65% and 8.20%, respectively (Figure 2A, 2B ) (p<0.05).
HMGI-C siRNA synergistically enhanced the cytotoxic effect of paclitaxel
To assess whether down-regulation of HMGI-C could enhance the sensitivity of the breast adenocarcinoma cells to paclitaxel, HMGI-C siRNA and Paclitaxel alone and combination treatment of paclitaxel and HMGI-C siRNA were investigated on MDA-MB468 cells ( Figure  3A, 3B) . As shown in Figure 3B , mono treatment with paclitaxel induced cytotoxicity in a dose-dependent way. The results of MTT assay showed that HMGI-C siRNA significantly decreased the cell survival rate to 43.24%, compared with the control group (p<0.05). Moreover, paclitaxel in combination with HMGI-C siRNA further decreased the cell survival rate relative to paclitaxel or HMGI-C siRNA alone (p<0.05). The CDI values were also less than 1 in all concentrations of Paclitaxel, which indicated the synergistic effect between the two agents ( Figure 3B ). 
Suppression of HMGI-C inhibited cells migration
Down-regulation of HMGI-C by using siRNA blocks migration of breast adenocarcinoma cells in vitro. Thus, we sought to determine whether siRNA blocks migration and invasion of breast cancer cells in vitro. Wound healing assays were performed to examine whether migration of the MDA-MB-468 cells transfected with HMGI-C siRNA was inhibited. Results showed that the knockdown of HMGI-C with siRNA, or Paclitaxel treatments alone versus the combination blocked the migration of MDA-MB-468 cells ( Figure 4B ). The number of MDAMB-468 cells with HMGI-C siRNA in 48 hr after treatment was 38.30%, Paclitaxel was 34.57%, and combination of siRNA and Paclitaxel was 24.61% that migrated to the scratched area of that of control (untreated) MDA-MB-468 cells ( Figure 4A , 4B) (P < 0.0001). The CDI values were also less than 1 indicated the synergistic effect between the two agents ( Figure 4B ). 
Discussion
Previous studies showed that HMGI-C increases tumor transformation in different cell types. 24, 25 It has been found that HMGI-C overexpression is associated with enhancing tumor growth and invasion, early metastasis, and a poor prognosis, typically seen in pancreatic cancer, 26 papillary thyroid carcinoma, 27 colorectal cancer, 17 ovarian cancer, 28 lung cancer 14 and HG-PSC. 16 Previous studies have demonstrated that, HMGI-C gene suppression leads to increased apoptosis and simultaneously sensitizes the malignant cells to chemotherapeutic agents. In this regards, we utilized RNA interference for specific suppression of HMGI-C in MDA-MB-468 cells to overcome resistance to chemotherapeutic agent, paclitaxel. In the current study we examined the effect of HMGI-C specific siRNA and paclitaxel alone or in combination on MDA-MB-468 breast adenocarcinoma cells cytotoxicity and migration. The results of qRT-PCR and western blot analysis showed that transfection with HMGI-C siRNA could significantly reduce the mRNA levels of HMGI-C and its translated protein during the 48 hr period in dose dependent manner, suggesting that HMGI-C siRNA could effectively cleave HMGI-C mRNA and blocked its translation to protein.
As our previous study treatment of adenocarcinoma cells with specific HMGI-C siRNA induced apoptosis and cell cycle arrest. The results of MTT assay revealed that pretreatment with HMGI-C siRNA could synergistically reduce the viability of breast malignant cells to paclitaxel, demonstrating that HMGI-C down-regulation could sensitize MDA-MB-468 cells to paclitaxel. we examined the rate of migration through wound-healing (scratch) assay, It was found that migration were significantly inhibited in MDA-MB-468 cell lines after HMGI-C siRNA and paclitaxel alone or in combination treatment compare to control (untreated) group. In this study, we found that HMGI-C siRNA enhances paclitaxel chemosensitivity and inhibits migration in breast adenocarcinoma cells. Cell cytotoxicity and migration of HMGI-C siRNA transfected, and paclitaxel treated cell lines notably were declined compared to those of untreated cells and the cells that treated with HMGI-C siRNA and paclitaxel individually. CDI value showed that treatment with HMGI-C siRNA and paclitaxel inhibit cells migration in a synergic manner compared to HMGI-C siRNA group, paclitaxel group and control group (untreated). In similar study, Karami et al. showed specific silencing of survivin expression by siRNA enhanced sensitivity of leukemic cells to etoposide. 29, 30 In other studies, they showed MDR1 down-regulation synergistically increased the cytotoxic effects of oxaliplatin and etoposide on oxaliplatin resistant SW480 and etoposide resistant HL-60 cells.
5,31
In summary, we demonstrated for the first time to our knowledge that, HMGI-C overexpression was sufficient to induce tumor formation and cell migration in MDA-MB-468 cell lines. We postulate that induction of HMGI-C up regulation in early breast adenocarcinoma may be responsible for rapid progression of breast adenocarcinoma. Further characterization of the functional relationship between HMGI-C and HMGI-Cmediated migration target gene regulation will help us understand the tumor genesis of breast adenocarcinoma.
Conclusion
Our data suggest that specific HMGI-C siRNA can inhibit the expression of HMGI-C protein and mRNA in breast adenocarcinoma cells and may potentially be a therapeutic agent for breast cancer metastasis. It can also synergetic effect with paclitaxel and decrease the effective dose of paclitaxel in treatment of breast adenocarcinoma cells.
